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本研究以东海 2006~2012 年 11 个航次的浮游植物类群组成数据，结合相应















95.7 %、98.5 %和 97.3 %的变化。蓝藻、甲藻和原绿球藻的模型效果也较好，分
别可解释方差 82.3 %、77.5 %和 63.6 %的变化。模型效果较差的是绿藻和定鞭金
藻，方差的解释能力不到 50 %。 
浮游植物所有类群与总叶绿素 a 的关系都呈现出一个类似的特征。以总叶绿
素 a 约 1800 ng/L 作为生物量水平高低的分界线，当总叶绿素 a 处于低生物量水














































Using phytoplankton datasets collected from 11 cruises during 2006 and 2012 in 
the East China Sea (ECS), Generalized Additive Mixed Models (GAMMs) were 
applied to simulate the responses of phytoplankton composition to environmental 
factors. The sampling stations were taken as random effects, and the seasons, log-
transformed total chlorophyll a (TChla), temperature and salinity were taken as fixed 
effects. The models fully considered interactions between fixed effects, highlighted the 
importance of assuming heterogeneity in the residuals. The main results are as follows: 
The random effects models allow between stations variability and thus made the 
models more meaningful, but the model results were slightly weaker than the fixed 
effect models. All the models violated the principle of homogeneity when regardless of 
heterogeneity and then been removed after allowing heterogeneity in the models.  
All the final models assumed heterogeneity between seasons. Besides, the final 
model of diatoms assumed heterogeneity within seasons along TChla. The final models 
of Dinoflagellates and Cryptophytes assumed heterogeneity within seasons along 
TChla, and the heterogeneity was allowed to differ between seasons. The final models 
of Chrysophytes and Prasinophytes implied heterogeneity within seasons along salinity, 
and the heterogeneity was allowed to differ between seasons. Considering interactions 
of TChla and seasons removed all the models except Dinoflagellates and Prasinophytes. 
The best models were Diatoms, Chrysophytes, Cryptophytes, and Prasinophytes, which 
can explain the variance of 98.3 %, 95.7 %, 98.5 %, and 97.3 %, respectively. The 
models of Dinoflagellates, Prochlorophytes, and Cyanobacteria behaved well as well, 
which can explain the variance of 77.5 %, 63.6 %, 82.3 %, respectively. The models of 
Prymnesiophytes and Chlorophytes behaved a little terrible, which can only explain the 
variance of less than 50 %.  
Model results reflected common characteristics in relationship between all the 
















TChla was lower than ~1800 ng/L and differences between groups and seasons 
appeared when TChla at higher values. Diatoms and Dinoflagellates were major groups 
in dominating phytoplankton community at higher TChla levels. Diatoms dominated in 
summer while both Dinoflagellates and Diatoms dominated in spring. 
The interaction of temperature and salinity did well on instructing the distribution 
of phytoplankton groups with strong specificity. Cryptophytes were high in waters with 
temperature below 20 ℃ . Prochlorophytes mainly distributed in waters with high 
temperature and high salinity. Cyanobacteria distributed in high salinity waters with 
temperature higher than 20 ℃. The succession of Diatoms and Dinoflagellates can also 
be reflected by temperature and salinty. In addition to a common low value zone in high 
temperature and high salinity waters, Diatoms and Dinoflagellates kept competitive.  
Comparison of final models of Diatoms and Dinoflagellates showed that 
prediction of the former was relatively good, but undervalued for the latter with a 
consistent trend. Model deviations mainly appeared in the spring and summer of the 
Yangtze River Estuary and adjacent waters, especially in spring. The models 
overestimated the contribution of Diatoms, while underestimated the contribution of 
Dinoflagellates. More potential controlling factors should be taken into account in the 
future study. 
 
Key words: Phytoplankton; Spatial-temporal dynamics; Generalized additive 
























缩略词 英文全称 中文全名 
HPLC 
High Performance Liquid 
Chromatography 
高效液相色谱 
ECS East China Sea 东海 
LMs Linear Models 线性模型 
LMMs Linear Mixed Models 线性混合模型 
GLMMs Generalized Linear Mixed Models 广义线性混合模型 
AMs Additive Models 加性模型 
GAMs Additive Mixed Models 加性混合模型 
GAMMs Generalized Additive Mixed Models  广义加性混合模型 
GLS Generalized Least Squares Model 广义最小二乘模型 
TPRS Thin plate regression splines 薄板回归样条 
CRS Cubic regression spline 三次回归样条 
ML Maximum Likelihood 极大似然估计 
REML Restricted Maximum Likelihood 受限极大似然估计 
TChla Total Chlorophyll a 总叶绿素 a 
lnTChla Log-transformed Total Chlorophyll a 自然对数转换后的总叶绿素 a 
Temp  Temperatrue   温度 
Sal   Salinity  盐度 
NOx Nitrate+Nitrite 硝酸盐与亚硝酸盐 
PO4 Phosphate 磷酸盐 
SiO3 Silicate 硅酸盐 
AIC Akaike Information Criteria  Akaike 信息标准 
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